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Abstract 
In the present study an optical remote method for monitoring parameters of hydroacoustic vibrations, which enables 
measurement of the low-frequency signals characteristics from the air environment, without mechanical contact with 
water was developed The method provides a threshold sensitivity of ~ 40 Pa, and has a linear frequency response in 
the range 10 ÷ 90 Hz.  
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Physics Procedia, Publication Committee of ASCO-NANOMAT 2011 
Keywords: the autocorrelation function; low-frequency acoustic wave; speckle-pattern 
1. Introduction  
Seismic activities in the faults area, crustal shifts and volcanic activity over the last decade have 
caused some large earthquakes, especially in the Asia-Pacific region of the Earth. Most of the geological 
faults are situated under the water, so their seismic activity is the source of a wide range of sonar signals, 
which low-frequency component is weakly damped in sea water and may extend to tens of kilometers 
with minimal losses. Registration parameters of these oscillations is actual not only to provide safe living 
of the population in a seismically active area of the Earth, but important for solving the fundamental 
problems of geodynamics. The continuous growth of national and international laws to provide the proper 
level of maritime safety, protection the transport routes and transport infrastructure from unlawful 
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intervention acts, demands creation of effective methods for monitoring of acoustic fields in the marine 
waters based on the detection of low frequency acoustic waves, generated by the propellers and the 
mechanisms of surface and underwater vessels and devices. Increasingly important role in solving the 
problems of monitoring sonar signals become non-contact optical methods for measuring parameters of 
low-frequency signals from the air environment, without mechanical contact with water. The base of most 
non-contact methods is the principle of registration by FPA (Focal Plane Array, basic component for 
modern electronic-based imaging systems) intensity of laser radiation, scattered by vibrating water 
surface [1]. Because the size of inhomogeneities of the ocean-atmosphere interface, created by the 
acoustic waves should be comparable with the size of the aperture of the laser beam, the existing methods 
are mostly designed only for registration of high-frequency signals, and the study of low-frequency 
acoustic waves by such methods is very difficult. In this connection it is advisable to register the 
parameters of radiation scattered not by optical inhomogeneities of the water-air interface, but radiation 
scattered by a diffuse object outside of the water environment and reflected back by liquid surface. It is 
assumed that the surface relief and the refractive index of the surface layer will be modulated by an 
acoustic signal. This in turn will lead to the changes in the spatial distribution of speckle-modulated 
waves reflected and scattered back by the water environment. The principles for processing these signals 
are well known now [2]. The aim of this paper is to develop a method for detecting the parameters of 
hydroacoustic vibrations based on them. 
2.  Experiment  
Fig.1. explains the experimental scheme. Coherent radiation of He-Ne laser (Ȝ = 633 nm) (1) scattered 
by diffuse object (2), reflected by water surface  (3), and goes on a matrix of  high-speed CCD camera 
(4). 
Fig. 1. Experimental setup. A) in "reflection" mode, B) in the "transmission" mode; 1 - He-Ne laser (Ȝ = 633 nm), 2 - matt plate; 3-
quartz cell with water, 4 – high speed CCD camera (500 fps), 5 - acoustic source, 6 - hydrophone, 7 - glass plate, 8 - independent 
hanger, 9 - computer, 10 - the sound generator, 11 - digital oscilloscope. 
At first, the CCD camera records the initial speckle pattern. When the pool with a water medium is 
under the influence of an acoustic signal, we can observed the rebuilding  in the speckles  pattern, that can 
be detected by comparing the current distribution of the speckle-pattern intensity with an initial.  
3. Results and discussions 
The autocorrelation function is used as a measure of comparison, the calculation of the experimental 
values is carried out according to the expression:  
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where )0(ijI and )(tIij   - respectively, the light intensity at the (i, j) -th pixel of the CCD at the initial 
time and at a time t; N - number of pixels within the interference pattern. Figure 2 shows the experimental 
dependence B(t). Curve 1 in this figure was obtained when the acoustic field is absented. Is seen that the 
function is not equal to unity, and exponentially decreases up to ~ 0.9. Such character of the experimental 
curve is explained by the partial rebuilding in the speckle pattern as a result of the Brownian motion of 
micro-and nanoparticles contained in sea water and which have mainly a biological origin. Characteristic 
time of the correlation function is determined by particle size, dynamic viscosity index and temperature 
[3].
Fig. 2. Experimental dependence of the correlation function. A) in reflection mode: 1 - in the absence of acoustic pressure, 2 - 
modulation of B(t) with  acoustic signal at 60 Hz, 3 - modulation of B(t) with glass plane on the water surface. B) in the 
“transmission” mode: 1 - in the absence of acoustic pressure, 2 - residual changes B(t) under the influence of the acoustic field 
Speckle pattern has the additional changes when the water is excited by low-frequency acoustic signal. 
Result of this is close to sinusoidal modulation of the correlation functions, with frequency equal to the 
acoustic signal (Fig. 2, curve 2). The minimum recorded acoustic pressure in the pool is determined by 
noise of CCD recording system and was equal to ~ 40 Pa. It is about 70 times higher than the minimum 
pressure recorded by the control high-sensitivity low frequency range hydrophone (a type of MPD 2575). 
As can be seen, the sensitivity of the proposed method is worse than the sensitivity of methods, based on 
the use of underwater piezoceramic hydrophones, but it is high in comparison with the sensitivity of other 
noncontact methods for measuring low-frequency acoustic pressure [4]. 
Fig. 3. Dependences of the modulation amplitude B(t) from acoustic pressure in the aquatic environment 
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The measurements also showed that the proposed method has a linear frequency response, at least in 
the range 10 ÷ 90 Hz (Fig. 3). The lower limit of this range is determined by the size of the pool, the top – 
by speed of camera, used for registration variations in patterns of light scattering. As stated above, 
detected correlation signal is generated as a result of changes in surface relief and fluctuations of the 
refractive index, created by the acoustic wave. To find, which of the mechanisms makes the largest 
contribution to formation of this signal, special arrangements to suppress the effect of changes on surface 
of the liquid been taken. To do this, a heavy glass plat (position 7 in Fig. 1) was placed on the liquid 
surface, then it is fixed hard to the mechanically independent hanger (position 8 in Fig. 1). As a result, the 
function amplitude is reduced by about three times, but did not become equal to zero (Fig. 2, curve 3). 
Residual modulation of the correlation function we have interpreted as the result of the impact of changes 
in the refractive index of the surface layer to optical radiation. To completely deleting the influence of 
glass plate’s vibration, which can occur under the action of acoustic pressure, the experimental setup is 
modified as it is presented in Fig. 1. B. Scattered radiation of  He-Ne laser passes through the transparent 
walls of the quartz cell with water and sent to the CCD camera. Despite the fact that the experiment was 
done in the "transmission" light, without reflection from the water surface, the correlation signal 
experiences sinusoidal modulation as illustrated by the corresponding results of the measurements B(t),
shown in Fig. 2. So we can conclude that formation of the correlation signal is largely dependent from the 
fluctuations of the refractive index induced by an acoustic field. However, from the data presented in Fig. 
2 A and B data, we can suggest that the main reason for the modulation of the correlation function is the 
changing of the relief surface. Therefore, using the proposed method in the real conditions is possible in 
the case of fixed water surface or if the frequency of surface waves lies beyond the study acoustic range. 
In laboratory conditions, the method may be useful when the presence of underwater hydrophone can 
strongly acts to distribution of the acoustic field. The measurements showed that the presence of low-
frequency acoustic pressure can be detected by the proposed method in a very small pool of about 4 cm2.
4. Conclusions 
Thus, the proposed speckle correlation method makes it possible to produce non-contact measurement 
of acoustic parameters of the low frequency signal with a threshold sensitivity of ~ 40 Pa, and has a linear 
frequency response in the range 10 ÷ 90 Hz. 
Acknowledgements 
The research is supported by Ministry of Science and Education of Russia and Russian Foundation for 
Basic Researches. 
References 
[1] Bahanov VV, Zuikova EM, Kemarskaya ON, Titov VI. Determination of the optical spectra of the excitement the image of 
the sea surface. Proceedings of the higher education institutions. Radiophysics. 2006;49/1:53-63. 
[2] Kulchin YN, Vitrik OB, Lantsov AD. Application of the correlation method of processing "boiling" speckle fields to 
measure the transverse displacement of the object. Metrology. 2010;2:13-22. 
[3] Kulchin YN, Vitrik OB, Kraeva NP. Correlation method for processing speckle patterns of dynamic light scattering by small 
particles based on spatial averaging of data. Optoelectronics, Instrumentation and Data Processing. 2010;46/3:282-286. 
[4] Lyamshev LM. Lasers in acoustics. Advances in Physical Sciences. 1987;151/3:479-527. 
